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SUMMARY Normal people without symptoms of reflux do in fact reflux small quantities of acid into the oesophagus when either standing or sitting, but do not reflux acid when they are sleeping lying flat. This 'physiological' incompetence in the upright position is not of great importance in that the oesophagus is able to, and consistently does, deal with small concentrations of refluxed acid material. The oesophageal measurements ofpH have a limited use as a diagnostic measure and may indicate acid reflux in the relaxed person not demonstrated by radiology.
A number of patients have typical symptoms of oesophageal irritation but reflux is not demonstrated at fluoroscopy. Some of these patients show evidence of oesophagitis at oesophagoscopy; a few may have reflux demonstrated by radiology at a later date, but many clinicians feel that they should discard oesophageal irritation as a cause of symptoms if reflux is not demonstrated radiologically, even though the history suggesting reflux is classical. It seemed possible that the discrepancy might arise because the circumstances of the radiological examination did not mimic those in which sufferers experienced these symptoms, and so evidence of the presence of acid in the oesophagus was sought by an indwelling pH glass electrode. The pH of the oesophageal contents was estimated continuously throughout a 12-to 24-hour period, through a standard sequence of evernts and positions of the patient's body. Initial interest was in those who suffered from symptoms of reflux but it was desirable that evidence be sought in a similar way in those without symptoms or radiological evidence of reflux. The results obtained in those without symptoms or radiological evidence of reflux are particularly interesting and have an important bearing on the mechanism of symptom production in reflux.
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Method
The Cambridge Instrument Company two-lumen stomach electrode was used (Fig. 1 ). This consists of a small glass bulb electrode with a fine coaxial wire in one lumen, the other containing saturated potassium chloride solution which is retained by a sintered plug and ends 1.5 cm proximal to the glass electrode. This proximity of the reference KCI electrode to the glass electrode eliminates the errors which occur if a finger is placed in the potassium chloride solution as the reference electrode. The whole electrode system can be passed easily through the nose (Fig. 2) , giving the patient great freedom of movement and comparative comfort at night. The electrode was connected to a Cambridge Instrument pH meter, recording on a Record pen-writer with a paper speed of 6 in. per hour. The pH scale 0-10 occupied the full width of the paper and a continuous record for 24 hours was possible.
The electrode is passed in the ward about two hours after a light breakfast. With the patient erect, the radiologist positions the electrode in the stomach by reference to his estimate of the position of the hiatus and the dome of the diaphragm made during screening and with the films obtained at a previous barium meal. A (Figs. 3 and 4) . Films of 1O patients in both the standing and sitting positions showed no appreciable alteration in position.
The patient returns to the ward, the electrode is connected to the recording apparatus, and the patient remains seated until lunch. This consists of meat and vegetables or a salad, followed by a sweet, and is eaten standing up. The patient remains virtually upright for the next two hours if possible, getting some rest by propping himself on the edge of the bed. Some of the older patients have found it hard to remain upright for two hours and if they have complained, they have been allowed to sit on the edge of the bed.
Tea is taken sitting down at a table and the patient remains seated until supper, which is eaten in bed. At 21.30 hours the patient is given 400 mg of sodium amytal and, if desired, a warm milk drink, and at 22.00 hours he is settled down for the night on the right side and supported in this position by bolsters. At 01.30 hours the electrode is freed from the side of the face, pushed on to the stomach marker and secured in this position. After 30 minutes the patient sits upright, the electrode is withdrawn to the oesophageal marker, and he is given a drink of water to wash the electrode clean. He is then settled again for the remainder of the night on the left side. Sometimes the patient started the night on the left side and was later moved onto the right. The heavy sedation with sodium amytal has reduced the movement of patients on either the right or left side. At 06.30 hours the electrode is pushed into the stomach and withdrawn completely at 07.00 hours.
Patients
The patients were divided into four groups: Group I consisted of 21 patients with symptoms and radiological evidence of reflux, either with or without hiatus hernia. In group II there were four patients with symptoms of reflux which was not seen at radiological examination. The control group, group III, contained 22 patients without symptoms and without radiological evidence of reflux. Nineteen had duodenal ulceration and so were likely to secrete amounts of acid greater than normal, so that it could be assumed there was acid content in the stomach available for reflux if such reflux did occur. The control group was subdivided. Group IIIa (12 patients) had the electrode in the oesophagus for a day and night with the same procedure as that carried out in groups I and II. The second half, group IIIb, consisted of 10 who were examined standing and sitting and sitting in bed during the day and the electrode was then moved into the stomach, where it remained all night. The record obtained during the night is not recorded here. In group IV there were two patients with radiological evidence of hiatus hernia with reflux with severe symptoms, who were examined both before and after repair of the herniae, which was followed by marked clinical improvement.
Results
The electrode is sensitive and reacts promptly. If the electrode is dipped in the acid gastric juice on the bench there is a sharp deflexion to the pH of the fluid; as the electrode is then withdrawn to air, there is a gradual return towards pH 4, which is the open circuit potential of the recording system. Kinking of the tube, sufficient to interrupt the electrical continuity of the KCl solution, will cause a sharp deflexion towards pH 4. A similar sharp deflexion can be obtained if the electrode is momentarily immersed in acid and then immediately cleaned by a neutral or alkaline solution, such as saliva. In practice it was usually possible to differentiate between a spurious deflexion and one due to a change in pH. When saliva is repeatedly swallowed as rapidly as possible after swallowing a small amount of HCI, there is some lag before neutralization is recorded, and it is likely that this lag would also occur after acid is refluxed into the oesophagus.
It is not possible to measure the amount of acid reaching the oesophagus by the present method but the frequency and duration of the fall in pH can be used to quantitate the reflux. The extent of the fall in pH will reflect to some extent the quantity of acid refluxed, and the duration of the fall will reflect the duration of exposure of the mucosa to the refluxed material. The tracings have been analysed, first, by measuring with a planimeter the area in cm2 between the trace and a baseline of pH 5 and, secondly, by counting the number of falls of pH to various values in four steps (ie, pH 1-2, 2-3, 3-4, and 4-5). A baseline of pH 5 gives a more accurate picture of the degree of reflux than would be obtained by using a baseline of pH 7, at which level the minor changes due to instability of the electrode and recording apparatus could give a misleading impression. A number of illustrative tracings are shown in Figs. 5, 6,7, and 8, and the values obtained for the three groups of patients and the two subgroups of controls in Tables I, II , III, IV, and V. If the trace has been steady at a pH above 5 a zero is entered for the area measurement; if the trace has recorded a steady pH above 5, except for an occasional sharp deflexion with rapid return, a figure of 0O5 or less is entered for the area.
A fall in oesophageal pH indicates that acid has refluxed from the stomach, and it is clear from the records obtained in the asymptomatic patients with quiescent duodenal ulcers and no radiological evidence of reflux that short bursts of gastrooesophageal reflux occurred at frequent The mean number of peaks recorded at each pH range in the controls was similar to the mean number recorded in those with symptoms of reflux, except during the night, when more peaks were recorded in those with symptoms of reflux.
Discussion
The results indicate that reflux into the oeso-2 phagus of gastric contents of low pH occurs almost as commonly in people without symptoms as in those with symptoms during the day when the patient is standing or sitting. Nor is the difference particularly prominent when the patient lies on the left side in bed. But 
